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NOTICE

The invention disclosed in this document resulted from

research in aeronautical and space activities performed under

programs of the National Aeronautics and Space Administration.

The invention is owned by NASA and is, therefore, available for

licensing in accordance with the NASA Patent Licensing

Regulation (14 Code of Federal Regulations 1245.2).

To encourage commercial utilization of NASA-owned inventions,

it is NASA policy to grant licenses to commercial concerns.

Although NASA encourages nonexclusive licensing to promote

competition and achieve the widest possible utilization, NASA

will consider the granting of a limited exclusive license,

pursuant to the NASA Patent Licensing Regulations, when such a

license will provide the necessary incentive to the licensee to

achieve early practical application of the invention.

Address inquiries and all applications for license for this

invention to NASA Patent Counsel, Lewis Research Center, Mail

Code 301-6 , 21000 Brookpark Rd., Cleveland, OH 44135.

Approved NASA forms for application for nonexclusive or

exclusive license are available from the above address.
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PATENT

Metallic Seal for Thermal

Barrier Coating Systems

Origin of the Invention

The invention described herein was made by an employee of the United

States Government and may be manufactured and used by or for the Government

for governmental purposes without the payment of any royalties thereon or

5 therefor.

Technical Field

This invention is concerned with protecting a thermal barrier coating

system. The invention is particularly concerned with sealing thermal barrier

coating systems of the type in use and being contemplated for use in diesel

10 and other internal combustion engines. The invention also would find

application in moderately high temperature regions of gas turbine engines and

any other application employing a thermal barrier coating at moderate

temperatures.

Insulating, ceramic-based thermal barrier coatings are being applied to

15 the piston heads and other hot section metallic components in diesel and

gasoline internal combustion engines. Such coatings protect the underlying

metal from the hot gases in the engine and retain a greater portion of the

heat energy in the exhaust gases for subsequent extraction by such processes

as turbocharging.

20 A range of thermal barrier coating configurations is being contemplated.

The range extends from coating systems having a thin two mil ceramic layer

applied over a metallic bond coat layer to thick coating systems consisting

of the ceramic layer, the bond coat layer, and intermediate layers of mixed

metal and ceramic. Total thicknesses up to 140 mils have been contemplated

25 for the thick coating systems. The outer surfaces of the ceramic layers are

expected to be approximately in the range of 900"F to 1300"F (480"C to 700"C),

depending on coating thickness and engine design.

Thermal barrier coatings, which are generally applied by air plasma

spraying, have interconnected porosity which helps to lower the thermal

30 conductivity and increase the strain tolerance. At the same time, the

interconnected porosity provides an open path for the hot gases in an engine.

This is a concern in the internal combustion engine due to the intermittent

nature of the combustion, and it is a concern for many other thermal barrier
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coating applications where the open porosity can allow oxidizing or otherwise
corrosive gases or condensates to enter into the coating. While plastic type
sealers are available for temperature below about 500"F (260"C), the task of

sealing a thermal barrier coating at higher temperature is less straight

5 forward.

It is, therefore, an object of the present invention to provide a means

for sealing thermal barrier coating systems at surface temperatures between

about 570"F (300"C) and about 1300"F (700"C).

Backqround Art

10 U.S. patent No. 4,055,705 to Stecura et al discloses a ceramic thermal

barrier coating system in which NiCrAIY is covered with a reflective oxide,

such as ZrO2-Y203 or ZrO2-MgO. The NiCrAIY has a thickness between 3 mils and

7 mils, and the coating is between 10 mils and 30 mils thick.

U.S. patent No. 4,248,940 to Goward et al is concerned with a thermal

15 barrier coating for use on nickel or chromium alloy materials. The MCrAIY's

are applied in a graded fashion from 100% metal at the metal coating interface

to 100% coating on the surface. The patentee states this reduces problems

associated with thermal shock due to material expansion.

U.S. patent No. 4,852,542 to Kamo et al sets forth several advantages and

20 drawbacks of various ceramic coatings for use in engines. The thin coatings

fail to provide sufficient heat buildup in the combustion chamber which is

necessary for increased engine efficiency. Thick coatings add greatly to

thermal efficiency, but cause over-heating resulting in increased maintenance

and reduced life expectancy. The patentee proposes a coating not less than

25 2 mils or greater than 9 mils thick.

Disclosure of the Invention

The aforementioned objects are achieved by utilizing a metallic "close-

out" layer as a seal on a thermal barrier coating system. Ni-35Cr-6Al-IY, Ni-

35Cr-6Al-IYb or other metallic alloy denoted as MCrAIX, applied over a

30 zirconia-based thermal barrier overlayer and glass-bead peened to densify the

surface, seals and protects the thermal barrier coating system.

The thickness of the "close-out" layer is at least four mils, although

greater thicknesses to allow for machining may be envisioned. The "close-

out" layer may be graded from ceramic to metal to reduce thermal shock.

35 Brief Description of the Drawing

The foregoing, as well as other objects, features, and advantages of the

invention will become more apparent from the following detailed description



3

whentaken in conjunction with the drawing which is an enlarged sectional view
of a substrate coated in accordance with the present invention.

Best Mode for Carrying Out the Invention

Referring now to the drawing, there is shown a metal substrate 10 which

5 is protected from high temperatures by a thermal barrier coating system

embodying the features of the present invention. More particularly, the

coating system comprises a bond coating I2 that is covered by a ceramic

thermal barrier overlayer 14.

According to the present invention, a "close-out" layer 16 covers the

10 ceramic thermal barrier overlayer 14. The "close-out" layer 16 seals the

surface of the ceramic material in the overlayer 14.

The bond coating 12 is preferably NiCrAIY and is advantageously applied

to the substrate 10 by plasma spraying, although cladding, slurry spray and

sintering are examples of other suitable techniques that could be used for

15 this purpose. The bond coating 12 has a thickness between three mils and

seven mils.

The thermal barrier overlayer 14 contains a Y203 or MgO stabilized zirconia

composition. This layer may be applied by plasma or flame spraying. The

zirconia-yttria or zirconia-magnesia thermal barrier coating 14 is preferably

20 between 0.002 inches and 0.100 inches thick. Intermediate layers of mixed

metal and ceramic are also possible.

The "close-out" layer 16 is preferably Ni-35Cr-6Al-IY (in weight per

cent), Ni-35Cr-6Al-lYb, or another similar MCrAIX metallic alloy applied by

plasma spraying, although flame spraying or cladding are examples of other

25 suitable techniques that could be used for this purpose. The layer 16 should

be at least four mils thick to ensure complete coverage although layers thick

enough to allow machining are envisioned.

The "close-out" layer 16 is not sufficiently impermeable in the as-air-

plasma sprayed conditioned. The preferred method for achieving sealing while

30 retaining durability is to lightly glass bead peen the surface of the metallic

seal. Other methods of lowering the permeability of the "close out" layer I6

are envisioned. These processes include grinding so as to smear the material,

burnishing, or fusing with a laser or torch; these steps would be followed by

stress relieving. It is also possible to apply a more dense "close-out" layer

35 by shrouded or low pressure spraying.

In order to show the beneficial effect of the invention, test specimens

sprayed in accordance with the present invention were tested in a Mach 0.3

burner rig. Each uncooled test specimen forming the substrate 10 was a
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standard one-half inch metal cylinder of a material known commercially as

"Waspalloy". The thermal barrier coating system comprised about five mils of

air plasma sprayed Ni-35-6Al-IY bond coating 12 and eleven mils of air plasma

sprayed ZrO2-8%Y203ceramic layer 14.
A "close-out" layer 16 comprising about four additional mils of the

material in the bond coating 12 was then air plasma sprayed onto the surface

of the zirconia-yttria overlayer 14.

The coating was tested by repeatedly cycling the rotating specimenbetween

the burner rig flame and a cooling air jet. Time in the flame for each cycle
was three minutes and the maximumsurface temperature of 1472"F (800"C) as

measuredwith a two color pyrometer. Time in the cooling air jet was two

minutes which was sufficient to cool the specimento near roomtemperature as

measuredwith an infrared pyrometer. The specimen survived this cycle for

1319 times, although the cooling air jet was inadvertently not employed for

the first 255 cycles. After this testing, the specimen was observed to be

lightly oxidized, but no evidence of failure was observed.

Another specimenwas sprayed in a manner similar to the first except that

the bond coating 12 was eight mils thick, the ceramic overlayer 14 was ten
mils thick, and the "close out" or metallic seal layer ]6 was 29 mils thick.

This specimen was cycled as previously described above for 3396 cycles.

Again, light oxidation but no sign of failure was observed.
These first two tests demonstrated that metallic "close out" layers could

be durable on top of thermal barrier coating systems. However, permeability
tests showedthat the air plasma sprayed "close out" layer did not seal well.

Subsequentpermeability tests showedthat a light glass beadpeening with "100
to 170 mesh" micron beads at a blast pressure of 30 psi and a stand-off

distance of about five inches effectively sealed the "close out" layer 16.

Therefore, a third specimenwas prepared in a mannersimilar to the first
two. The thicknesses for the bond coat, the ceramic overlayer, and the "close

out" layer were 9, 11 and 32 mils, respectively. This specimen was glass

bead peenedas previously described and exposed to 1671of the sameburner rig

cycles that were employedfor the first two specimens. Again, light oxidation
but no failure was observed.

An additional specimenwasprepared. For this specimen, the one-half inch

"Waspalloy" rod was replaced with a 1.5 inch outside diameter/O.25 inch inside
diameter stainless steel tube.

The stainless steel tube was coated with seven mils of bond coat, ten mils

of ceramic overlayer, and nine mils of the "close out" layer. The "close out"
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layer was then lightly peened as described above.
This tubular specimenwas exposed to the burner rig flame between 930"F

(500"C), as measured with an infrared pyrometer and room temperature in a
manner similar to but in some ways significantly different from that

5 previously described for the three solid specimens. The most important
difference was that cold water was allowed to flow through the interior of the

specimen. Also, the specimenwas not rotated and, since the specimen cooled

quickly, it was only cooled for one minute per cycle. It is estimated that
approximately 50%of the roughly 850"F (450"C) temperature drop from the outer

]0 surface to the inner surface of the specimenwas born by the ceramic layer.

The specimen was exposed for 826 cycles with light oxidation but without
failure.

The test temperature was then raised to about 1110"F (600"C) and the

specimenwas exposed for 1002 cycles without failure. However, the apparent
15 oxidation was heavier. The emissivity value had increased to 0.47 versus the

value of 0.25 to 0.31 that was associated with light oxidation. It is

possible that contaminants known to have been present in the cooling air

during this test mayhave contributed to the heavier oxidation. Whenexposed

to ]310"F (710"C) failure by spalling was observed within 300 cycles, and
20 another specimen exposed to 1470"F (800"C) failed in two cycles.

Other variations to the above invention were attempted with less success.

These included Ni, Ni-16Cr-6Al-Y, a FeCrAISiZr, and FeCrAIY alloy. Grinding
so as to smearthe "close-out" layer sealed the surface, but led significantly

to degraded durability. Low pressure plasma sprayed FeCrAISiZr and

25 Ni-16Cr-6Al-Y were also attempted without success.

While the preferred embodimentof the invention has been disclosed and
described, it will be appreciated that various modifications can be madeto

the invention without departing from the spirit thereof or the scope of the

subjoined claims.
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ABSTRACTOFTHEDISCLOSURE

A metallic "close-out" layer is applied to the surface of a thermal

barrier coating system to seal the ceramic material in the coating. The

"close-out" layer is glass-bead peened to densify its surface.
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